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Economic/Societal Areas of Impact
Health Care

Food & Agrobiotechnology

Biomanufacturing

Homeland Security (Forensics &  Biodefense)

International Trade
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Areas of Impact: Health Care
Pharmaceutical

Discovery
Validation

Diagnostic
Reagents
Devices

Delivery & Patient Care
Clinical Services
Patient Information Handling
Providers, Medical Plans & Insurance
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Areas of Impact: Food & Agbiotechnology

Bio-based Production
Plant Crops
Non-plant Therapeutics

Bio-based Food Processing
Food Production
Flavors & Fragrances
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Areas of Impact: Biomanufacturing

Advanced  
Materials

Reagents
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Areas of Impact: Home Land Security 
(Forensics & Biodefense)

Reagents

Hand-held 
immunoassay
test strips

Promega/NIST/FBI
collaborate on finding
new DNA-biomarkers

Devices
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Areas of Impact: International Trade

In Vitro Diagnostics  (IVD)

Genetically Modified Crops (aka GMOs)

Mycotoxin Contamination

Bovine Spongiform Encephalopathy (BSE) 
& Prion-Related Diseases
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International Trade: EU IVD Directive
A New Driver:
EU IVD Directive to go into effect 2003
• Worldwide in vitro diagnostic device market is ~$20B;
• >60% of European market is supplied by U.S.

Stated Purpose of Directive
• Eliminate trade barriers within Europe by ensuring 

access to the entire EU market with one single product 
approval (CE Mark)

US IVD Manufacturers have 
requested that NIST develop 
internationally recognized 
reference methods and SRMs to 
meet the traceability 
requirement

Essential Requirements/Implementation
• IVD Calibrators and/or control materials must 

be traceable to “standards of a higher order” --
nationally/internationally recognized 
certified reference materials

• New IVD products must have mark by December 2003
• Existing IVD products may be sold without CE 

mark until December 2005
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Metrology Needs in Bioscience
Biometrology refers to measurement and data activities that 

provide quantitative characterization of biology

Gene Typing (Genomics)  

Gene Expression  

Proteins & Proteomics  

Cellular & Tissue Biology  

Bioinformatics  
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Metrology Needs in Bioscience
Gene Typing (Genotyping)

In disease diagnosis
lung cancer disease marker

NIST Biomarker Validation Lab
Early Detection Research Network
National Cancer Institute (NIH)

Oligonucleotide Sequence Determination
Red = T Blue = C
Green = A Black = G
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provide quantitative characterization of biology
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Metrology Needs in Bioscience
Gene Expression  

In disease diagnosis using gene arrays (e.g. microarrays, gene chips)

Hybridization of fluorescently 
labeled cDNA from RNA

Labeled cDNA hybridizes to 
chip arrays – spots indicate 
presents of a gene, brightness 
indicates amount of gene 
product

Fluorescence Resonant Energy Transfer (FRET)
indicates presence or absence of hybridized gene
products 

How DNA is labeled affects spot intensity!
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Metrology Needs in Bioscience
Proteins
Structure/function
determination

Identification and 
quantification of all 
expressed proteins 
in a given biological system
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Metrology Needs in Bioscience
Biometrology refers to measurement and data activities that 
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Metrology Needs in Bioscience
Cellular & Tissue Biology

DNA markers of oxidative damage

Imaging the morphology of smooth muscle 
tissue cells
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Cockayne syndrome sufferers have multisystemic 
disorders due to a defect in the ability of cells to 
repair DNA that is being transcribed. 
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Metrology Needs in Bioscience
Bioinformatics 

Genotyping
Short Tandem Repeat
STRBase for 

Forensics

Proteins & Proteomics
Protein Data Bank

Gene Expression
Microarrays and MIAME
Convention for preserving
pattern data

Cellular/Tissue Biology
Tissue specific biomarkers in the future.
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Current Activity: Health Care SRMs

Health Care Single Analyte SRMs

Marker Disease State
Troponin-I Myocardial Infarction
Glycated Hemoglobin Diabetes Status
Homocysteine Risk of Heart Disease
TSH Thyroid Function
Speciated Iron Hemochromatosis 
PSA Prostate Cancer
Folates Neural Tube Defects

Under development
Trinucleotide Repeat Fragile X Syndrome
HER-2 neu Breast Cancer
p53 DNA Breast Cancer 
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•SRM 1932 Fluorescein Solution

- Certified for concentration and purity

- Used for fluorometer calibration
- Enables a NIST -traceable MESF fluorescence

intensity scale to be established
(MESF = molecules of equivalent soluble fluorophore)

• SRM 1933 Fluorescein- Labeled Microbead Suspension
(under   development)

- To be used for flow cytometer and suspension assay calibration (MESF intensity)
- Will help meet the growing need for quantifying analyte per cell levels 

Current Activity: Fluorescence SRMs
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Current Activity: Databases

↓ Human Mitochondrial Protein Database
Science, May 2, 2003

Structural Database of HIV Protease
Science, May 30, 2003
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Current Activity: Advanced Measurements
Single Molecule Measurement & Manipulation (SM3)

Single Molecule Detection Techniques:

Combined 
Fluorescence Confocal Microscopy
& Ion Current Measurements

Simultaneous Force and Optical Measurements 
of Antibody/Antigen Interaction

Fluor-labeled (Alexa 488) antibody attached to a glass 
slide  is probed with an anti-Alexa antigen attached to 
AFM tip. 
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High-throughput Investigations of Cell-Material Interactions

Chemically Specific 3D Imaging of Tissue 
Development in Polymeric Scaffolds
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Biomaterials for Tissue Engineering
Current Activity: Advanced Measurements

Osteoblasts
(MC3T3-1).



NIST Biometrology
Visiting Committee Meeting June 10, 2003

Current Activity: Assessing Needs
Industry – BIO, direct interactions, …
Scientific Community – ACS, ASBMB, 
ABRF, IUPAC, FASEB, ACA, ASM, … 
Government Agencies –NRC, FDA, CDC, 
NIH, NIJ, DOD, USDA, OSTP/BRWG …
Standards Activities – ASTM, NCCLS, 
CAP, CCQM/BIPM …
Workshops – Fluorescence, Crystallography, 
CASP, AFM, Proteomics, Biotech Grains, 
Gene Expression & Microarrays… 
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1985 First human DNA profiling system established in U.K. (RFLP)

1987 DNA evidence first successfully used in the U.S.

1991 Congress calls upon NIST to develop standards for DNA testing

Role for NIST: providing DNA standards for the forensic 
community – standards will evolve with advancements in 
DNA typing technology

1993 Commercial PCR based (STR) assays established

Current Activity: DNA Standards for Forensics
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• SRM 2390 for RFLP-Based Profiling Standard (1992)

Current Activity: DNA Standards for Forensics

• SRM 2391 PCR-Based DNA Profiling Standard (1995)

• STRBase established (1997) – reference database 
with forensic STR info (http://www.cstl.nist.gov/biotech/strbase/)

• SRM 2392  Mitochondrial DNA Standard (1999)
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Current Activity: DNA Standards for Forensics
• Coordinate Interlaboratory Studies to independently 

evaluate laboratory performance
Latest study correlating DNA quantitation accuracy to STR multiplex 
intensity was published May 15, 2003 in Analytical Chemistry

• FBI DNA Advisory Board Standards issued in 1998
Standard 9.5: “The laboratory shall check its DNA procedures 
annually or whenever substantial changes are made to the 
protocol(s) against an appropriate and available NIST Standard 
Reference Material or standard traceable to a NIST standard.”

• Member of FBI’s Scientific Working Group on DNA 
Analysis Methods (SWGDAM) – help set validation guidelines 
and establish core loci for national forensic database
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• Development of miniSTRs for more sensitive STR typing: used for typing 
highly degraded WTC samples

• Evaluation of Y chromosome SNPs and STRs to enable selection of 
optimal loci for human identification

• Y chromosome DNA profiling standard (SRM 2395 ) completed May 2003 
to enable growing forensic, paternity, and genetic genealogy use of Y 
chromosome 

• Human DNA quantification standard(SRM 2372 ) under development

Current Activity: DNA Standards for Forensics
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Current Activity: Gene Expression

Oct 2002 – NIST Meeting on Metrology and Standards for Gene Expression 
Technologies (Device Makers, Technology Users, Regulators) 

Dec 2002 – NIST/Industry Workshop on Standards Needs for Microarrays
(Device Makers)

March 2003 – NIST/Industry Workshop on Universal RNA Standards held at 
Stanford University (Device Makers, Reagent Makers, 
Technology Users, Regulators)

100 folks attended, 33 companies, FDA,CDC,NIH/NCI,
NIH/NIEHS, 4 Universities
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Current Activity: Gene Expression
Workshop on Universal RNA Standards Stanford University: Goals
•Identify key measurement & data issues facing technology

-short- and long-term

•Will all platforms (microarray only? or bioarrays?)  benefit from identified issues

•Identify issues that belong to NIST (applied biology) or NIH (discovery biology)
-differences

•Can issues be resolved without NIST
-why & why not (pros & cons)

•Should NIST resolve these issues
-define role NIST should take
-identify partnerships with NIST to address issues

•Will microarrays require FDA approval for P.O.C. and diagnostic market
-identify industry (research and diagnostic) consequences of not 
addressing issues of metrology
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Current Activity: Gene Expression
Workshop Outcomes: Standards Activities

(what can we do, what should we not do)

Disease Specific Devices/Reagents
Tied to IP, and therefore $$
Calibration should be part of the investment in technology development
No role for NIST

Toxicogenomics
Role for NIST where platform and/or reagents will be used for a long time
Partner with FDA to define standards needs

Data Transferability (over location, time)
One platform at a time, comment on life expectancy of platform
FDA/Industry consensus
NIST role in Phase 2

Standard for Evaluating Lab Proficiency
Specific request directed to NIST by FDA
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Current Activity: Gene Expression

Microarray Slide SRM – 6 Device Makers
Size (active area, background area, placement)
Accommodation 1x3 and Affy format
Barcode
Thickness
Non-parallelism tolerance
Fiducial type and placement

Standard for Quantitative PCR
Cross platform, unrelated to any known gene
First CCQM project, in collaboration with LGC, Ltd

Particle Fluorescence SRM 1933

Research on FRET 

Research on Non-Canonical RNA Structures

Coated Area

Background area

Barcode Slide Layout Cut
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Biology at NIST: 20 years of Context

NIST Base Programmatic Investment
…….Competence in Biotechnology 1981, CARB MOU 1983, ……… 

External (Stakeholder) Investment
……….NIH/RO1 Grant to CARB since 1987, NIJ 1993, NSF/DOE/NIH for 

PDB 1998,……….

ATP Intramural Investment
……..DNA Technologies 1993, Biocatalysis 1996, …………….
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“First, they will have to go beyond narrowly studying 
one gene at a time and start probing the complicated 
interplay of genes and proteins along a disease's entire 
cellular pathway. That will require unprecedented 
cooperation across a range of sciences.”

— Business Week, June 2, 2003

Looking to the future…



"The idea is to look at larger, more 
global questions, and understand the 
coordinating activities of genes, cells, 
and organs.“

— Ronald M. Evans, Salk Institute

Looking to the future…

Gene Expression
Proteomics
NanoBiotechnology
DNA and Protein Markers


